Diabetes has been reported to increase the risk of colorectal neoplasm in most but not all studies. However, the data on age-and sex-specific incidence rates and relative risks associated with diabetes are limited. We carried out this population-based cohort study to investigate the overall sex-and age-specific risks of colorectal cancer in association with diabetes. Diabetic patients (n = 615,532) and age-and sex-matched control individuals (n = 614,871), selected from the claim datasets, were followed up from 2000 to 2006. The rates of admission due to colon and rectum cancers were estimated using the person-years approach, and the age-and sex-specific hazard ratio (HR) for both the malignancies were determined using the Cox regression model. The overall incidence rate of colon cancer was 9.94 per 10,000 patient-years for the diabetic patients, as opposed to 7.84 per 10,000 patient-years for the control-group patients. The corresponding observation for rectal cancer was 7.16 and 6.28 per 10,000 patient-years. Diabetic patients aged ≥ 45 years had significantly high HRs for developing colon cancer (1.20-1.45-fold). We also noted a significantly high HR of rectal cancer in diabetic men (1.18-fold) aged ≥ 45 years, but not in diabetic women. In conclusion, diabetes may significantly increase the risk of colorectal cancer, especially in patients aged 45-64 years. Diabetologists should keep this relationship in mind while treating middle-aged diabetic men and should also advise these patients to undergo regular screening tests for colorectal cancer.
Tohoku J. Exp. Med., 2012 , 226 (4), 259-265. © 2012 Nearly one million newly diagnosed colorectal cancer cases are reported to occur in 2002 globally, which accounted for approximately 10% of all incident cancer (Parkin et al. 2005) . Many studies have reported that diabetes, which is associated with obesity and physical inactivity, increases the risk of colorectal cancer (Adami et al. 1991; Le Marchand et al. 1997; Weiderpass et al. 1997; Wideroff et al. 1997; Will et al. 1998; Khaw et al. 2004; Limburg et al. 2005; Larsson et al. 2005a Larsson et al. , 2005b Limburg et al. 2006; Inoue et al. 2006) , but some studies have not reported any association (O'Mara et al. 1985; Kune et al. 1988; La Vecchia et al. 1994; Steenland et al. 1995) . Indeed, there is a discrepancy in the results reported for sex-and age-specific incidence and relative hazard ratio of colorectal cancer. Some of the previous studies have reported that both male and female diabetic patients are at high risk of developing colorectal cancer (Le Marchand et al. 1997; Weiderpass et al. 1997; Yang et al. 2004) , whereas some other studies have shown that the risk of developing colorectal cancer is high in either diabetic men alone (Adami et al. 1991; Wideroff, L. et al. 1997; Khaw et al. 2004; Limburg et al. 2006; Inoue et al. 2006) or diabetic women alone (Nilsen and Vatten 2001) . The inconsistency in age-and sex-specific results of previous studies may be attributable to dissimilarities in patient characteristics, care received by the study patients, and possibly, differential accuracy of diagnosis. To the best of our knowledge, very few studies have investigated the incidence rate and relative risk of colorectal cancer in diabetic patients, especially patients under 45 years of age, by stratifying the population by age and sex (Larson et al. 2005a , Larson et al. 2005b .
In Taiwan, colorectal cancer is the second most common form of cancer in both men and women, and its incidence is increasing in both the sexes (Bureau of Health Promotion, 2008) . Moreover, it is the fourth most common malignancy among Taiwanese aged 25-44 years (Bureau of Health Promotion, 2008) . The mortality rate in patients with diabetes mellitus has been increasing in Taiwan since the early 90s, and diabetes is now the fourth leading cause of death in Taiwan. Thus, the association of diabetes with colorectal cancer is of great significance from both the clinical and public health points of view. The association, if any, is of particular importance in the case of young patients with diabetes because younger diabetic patients are expected to have greater lifetime likelihood of developing colorectal cancer. In this study, we used the National Health Insurance (NHI) database to estimate the incidence density and relative risks of malignant neoplasms of the colon and rectum among the diabetic population in Taiwan by stratifying the population by age and sex.
Methods

Source of data
A universal NHI program, which is implemented by the Bureau of NHI (BNHI) under the jurisdiction of the Department of Health, was established in Taiwan in March 1995. Approximately 96% of the total Taiwanese population enrolled in the NHI program (Chiang, 1997) , and 95% of the hospitals and 90% of the clinics all over the island were brought under the purview of the state-run BNHI (Lu and Hsiao 2003) by the end of 1996. The BNHI gathers all the administrative and claims data, and the National Health Research Institute (NHRI) cooperates with the BNHI to establish an NHI research database. The NHRI transfers the health insurance data to health researchers after ethical approval has been obtained. To ensure the accuracy of the claim files, the BNHI performs quarterly expert reviews on a random sample of every 50-100 ambulatory and inpatient claims from each hospital and clinic (Chiang et al. 1997) . The NHRI safeguards the privacy and confidentiality of all the beneficiaries and transfers the health insurance data to health researchers after ethical approval has been obtained. For our analysis, access to the National Health Insurance Research Database was approved by the NHRI Review Committee.
Diabetes cohort
Details of the claims data and methods of selection of diabetic patients and control-group patients have been described in our previous report (Chen et al. 2011) . Briefly, we considered a patient to be diabetic if she or he had diagnosed as having diabetes (ICD-9 250 or A-code 181) in 2000, and again within the subsequent 12 months. To avoid accidental inclusion of miscoded patients, we further selected only those whose first and last outpatient visits were at least 30 days apart (Chen et al. 2011) . Additionally, we excluded those patients who were admitted to the hospitals for any malignant neoplasm ) between 1997 and the date of initial ambulatory care visit for diabetes treatment in 2000. In Taiwan, major illness/injury certificates are issued to all patients with malignant neoplasms. In order to avoid incorrect exclusion of cancer patients, we excluded those patients with a major illness/injury certificates for an admission.
Thus, the final cohort of diabetic patients consisted of 615,532 patients. The date of the first outpatient visit in 2000 was the index date for each patient.
Control group
The control-group subjects were identified from the registry of beneficiaries. We excluded people with claims for ambulatory care for diabetes or hospitalized for any type of malignancy (ICD-9: 140-208) and were issued major illness/injury certificates between 1997 and 1999, and then we selected age-and sex-matched control subjects by using the frequency matching procedure. Because of missing information on the age or sex of 661 diabetic patients, we could select only 614,871 control subjects. The index date for subjects in the control group was their date of enrollment to NHI. If their date of enrollment was before January 1, 2000, the index date was set as January 1, 2000, which was the starting point for the follow-up analysis.
Data linkage
We used the unique personal identification number (PIN) of the individuals in both the groups and linked them to the inpatient claims data obtained between the years 2000 and 2006 in order to identify the first primary or secondary diagnoses of primary malignant neoplasm of colon (ICD-9: 153) and malignant neoplasm of rectum (ICD-9: 154)-the end points of this study. To avoid incorrect assessment of malignant neoplasms, we included only those patients who possessed major illness/injury certificates for those admissions. The day of hospitalization of the patients was considered as the date on which the clinical endpoint of interest occurred. The study period was from January 1, 2000, to December 31, 2006.
Statistical analysis
The geographic location of each individual's NHI unit-either near the location of employment or residential area-was classified under north, central, south, or east and under either of the following urbanization statuses-urban or rural-as per the National Statistics of Regional Standard Classification (Chen et al. 2010) .
In the statistical analyses, the age-and gender-specific incidence density was first calculated with person-years as the denominator under the Poisson assumption. The incidence density was used when the denominator was the sum of the person-time values (person-years in the current study) of the at-risk population. We assumed that a 2-year follow-up for 1 person or a 1-year follow-up for 2 persons both equal 2 person-years. Using person-years may be helpful in cases where the observation time (i.e., follow-up period) differs between the study participants. To assess the independent effects of diabetic status on the risk of colon and rectal cancers, we used Cox proportional hazard regression models, adjusting for age, sex, geographic area, and urbanization statuses simultaneously in this model. The latter 2 geographic variables were adjusted for possible geographic variations in cancer incidence and mortality (Chen et al. 2002) . The study participants who died in the hospital because of unfavorable clinical outcomes were censored from the survival analysis, and the date of censoring was the date of their deaths. If there was no in-hospital mortality in the case of an individual, the date of censoring was either the date of their withdrawal from NHI or the date of termination of the study, i.e., December 31, 2006. All the statistical analyses were performed using the Statistical Analysis Software (version 9.2; SAS Institute, Cary, NC). A P value of < 0.05 was considered statistically significant.
Results
The mean ± standard deviation (s.d.) age of the diabetic patients was 60.00 ± 12.84 years, while that of the control subjects was 60.09 ± 12.73 years. The proportions of the participants aged < 45 years, 45-64 years, and > 64 years were 11.32%, 48.27%, and 40.41%, respectively, in both the control group and the diabetic group. The ratio of men to women was 51.93:48.07 in both the groups. The characteristics of the study subjects are listed in Table 1 . The median time of follow-up was 6.9 years for both the groups.
The overall and age-and sex-specific incidence densities and relative hazards of malignant neoplasm of the colon are listed in Table 2 . In total, 3,849 diabetic patients were hospitalized with a diagnosis of malignant neoplasm of the colon during a 7-year period, and 3,166 individual in the control group were admitted to the hospital for the same diagnosis. The overall incidence densities of diabetic men and women were 10.36 and 9.57 per 10,000 person-years, respectively. The overall incidence densities for men and women from the control group were 7.85 and 7.83 per 10,000 person-years, respectively. For both the groups, the incidence of colon cancer increased with age, irrespective of the diabetic status and sex of the participants, and the highest incidence was observed in those aged > 64 years. Moreover, patients in the diabetic group had a significantly high risk of developing malignant neoplasm of the colon, with an overall hazard ratio (HR) of 1.30 (95% CI = 1.21-1.39) in men and 1.21 (95% CI = 1.13-1.29) in women. We observed a significant interaction between the diabetic status and age (P < 0.0001) of the study participants of both the sexes, and hence, we further conducted an age-specific stratified analysis. Diabetes was associated with a significantly increased hazard of colon cancer in patients of both sexes aged ≥ 45 years, and the highest age-and sex-specific HR was observed in diabetic men aged 45-65 years (HR = 1.45; 95%, CI = 1.29-1.63).
We observed that 2,776 and 2,536 patients from the diabetic and control groups, respectively, had been hospitalized for the above diagnoses between 2000 and 2006 ( Table  3 ). The overall incidence density calculated for the diabetic men and women was 8.11 and 6.31 per 10,000 personyears, respectively, and the corresponding values for the men and women from the control group were 6.73 and 5.86 per 10,000 person-years, respectively. Once again, we observed that the incidence of rectal cancer increased with age in patients of both the sexes regardless of their diabetic status, and a high incidence density was again observed in those aged > 64 years. As compared to the control group, the diabetic group had a slightly but significantly higher risk of rectal cancer for men (HR = 1.18; 95% CI = 1.09-1.27); no such difference was observed in the case of women from both the groups (HR = 1.06; 95% CI = 0.98- a Inconsistency between total population and population summed for individual variable was due to missing information. 1.14). In a further analysis of age-and sex-specific HRs, the highest HR was observed in diabetic men aged 45-64 years (HR = 1.24; 95% CI = 1.10-1.40). The relative risk estimates were not statistically significant in diabetic women of any age group.
Discussion
The overall incidence densities of colon and rectal cancers were higher in patients with diabetes than in the control group. The incidence densities of colon and rectal cancers increased with age, and patients aged > 64 years showed the highest incidence of colon and rectal malignancies in both the groups. Furthermore, men tended to show a higher incidence rate than women, regardless of their diabetic status. Our data also showed that age and sex may significantly modify the relationship between diabetes and risk of colorectal cancer, in which male diabetes patients aged 45-64 years had the highest relative risk.
We observed that diabetes was associated with higher risk of developing both colon and rectal cancers in men, but in women, diabetes was associated with a high risk of developing colon cancer alone, which is consistent with the findings from previous studies (Weiderpass et al. 1997 ). Some of the previous studies reported that diabetes was associated with increased risk of colon cancer but not rectal cancer in both men and women (Le Marchand et al. 1997; Yang et al. 2004 ). Other studies (Wideroff et al. 1997; Inoue et al. 2006; Limburg et al. 2006 ) indicated that diabetes is positively associated with the development of colon cancer in men but not diabetic women, and that diabetes in both the sexes is not associated with the development of rectal cancer. The discrepancy across the results of these studies is probably due to different methodologies that were adopted, including dissimilarity in the baseline characteristics and ethnicities of the patients, in methods of outcome assessment, and duration of follow-up. Because our study investigated colon and rectal cancers in the same population by using the same methodology, findings from our study may effectively remedy the limitations encountered by previous studies that were unable to simultaneously investigate the risk of development of the 2 cancers with detailed sex and age specifications, without compromising the statistical power.
In our study, diabetes-related cancer risk was more evident for malignant neoplasm of the colon than for rectal cancer. Similar findings had been reported by Weiderpass et al. (1997) and Yang et al. (2004) . Similar to the observations of Weiderpass et al. (1997) , our observations showed that diabetic men were more likely to have a higher relative risk of developing both colon and rectal cancers than diabetic women were. Further, age-and sex-stratification analysis revealed that diabetic men aged ≥ 45 years had a significantly high relative risk of developing colorectal cancer. Similarly, La Vecchia et al. (1994) from Italy reported that there is no association between diabetes and colorectal cancer risk in diabetic patients aged < 40 years, but there is a strong association between the 2 said conditions among diabetic patients aged > 60 years. The above findings may imply a positive relationship between the duration of diabetes and the risk of colorectal cancer, which however needs further investigations.
The biologic mechanism by which diabetes may predispose to colorectal cancer is still not clearly identified. Type 2 diabetes, which is characterized by insulin resistance and compensatory hyperinsulinemia, may predispose to colon neoplasms since insulin is an important growth factor for colonic epithelial cells (Giovannucci et al. 1995) , regulating growth through direct activation of insulin receptor or insulin-like growth factor (IGF)-I receptor and inhibition of IGF-binding protein (Larsson et al. 2005b ). An elevated level of C-peptide, a marker of insulin secretion, was observed to be associated with an increased risk of colorectal cancer in many studies (Kaaks et al. 2000; Ma et al. 2004 ). Furthermore, long-term insulin therapy was reported to be associated with an increased risk of developing colorectal adenoma (Chung et al. 2008 ) and carcinoma (Yang et al. 2004 ) along with increased cancer-related mortality (Bowker et al. 2006 ). The results of some studies suggest that colorectal cancer progression occurs through the adenoma-carcinoma sequence, which may have accelerated activity in the diabetic population (Berster and Göke 2008) . In addition, slower bowel transit, which contributes to increased exposure of the colonic mucosa to toxic substances and leads to increased production of carcinogenic bile acids in patients with diabetes mellitus, may promote the development of colonic tumor in these patients (Will et al. 1998 ).
There are several methodological strengths in our study. First, using an insurance dataset in clinical research is advantageous because longitudinal records for a large sample of geographically dispersed patients are easily accessible. Second, as the NHI database covers nearly the entire population of Taiwan, there is less probability of selection and recall bias as well as non-response and loss to follow-up of cohort members. Third, such a large study population also made it possible for us to perform age-and gender-stratified analyses without compromising statistical power, particularly in the case of very young patients. Fourth, since the diagnosis of colorectal cancers can depend on the medical resources and the physicians from different locations, an adjustment for the geographic area and urbanization status was able to reduce such geographic confounding. Last, we excluded those patients with any malignancies detected 3 years before the index date so that we could estimate relatively accurate incidence and relative risks of colorectal cancer in our study participants.
This study also has limitations. First, there can be a potential classification bias because of exclusive reliance on the claims data. The accuracy of a single diabetes diagnosis in the NHI claims data from the year 2000 was reported to be 74.6% (Lin et al. 2005) . We used at least 2 diabetesrelated diagnoses with the first and the last visits > 30 days apart, which greatly reduced the possibility of disease misclassification. Nonetheless, there might still be cases of new-onset or undiagnosed diabetes in the control group. Second, to ensure the accuracy of diagnosis, we considered only the hospitalized cancer patients with major illness/ injury certificates as true cancer patients, which might have led to the exclusion of some patients who were waiting for the pathological diagnosis and had not received major illness/injury certificates. Such bias introduced by disease misclassification, however, was likely to be a non-differential bias, which tends to lead to underestimation rather than overestimation of the true relative risks. Third, a number of risk factors for colorectal cancer and medications used were not taken into account in our analysis, which might have also confounded the results.
In this study, we observed that diabetic men, especially those aged 45 years or more, had a significantly high risk of developing both colon and rectal cancers, while diabetic women had a significantly high risk of developing colon cancer alone.
